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METHOD OF MANUFACTURING A MOS TRANSISTOR 

Technical Field of the Invention 

The present invention relates to a method of manufacturing a semiconductor element 
such as a MOS transistor, more particularly to a technique for solving a problem caused by 
an oxide film used as a substrate protection mask in lightly doped drain (LDD) process of a 
MOS transistor to achieve a hot carrier effect. 

Background of the Invention 

A MOS transistor is a field-effect transistor formed on a semiconductor substrate having 
a gate isolated by a thin oxide film in a semiconductor layer. Unlike the case where resistance 
is reduced in a junction transistor, a MOS transistor is a semiconductor element having a 
property adapt to high density integrate. 

As the integration of semiconductor elements increases, the minimum liue with of a gate 
electrode has been continually decreased to 0,25 "0.1|im in order to improve speed of an 
element and achieve miniaturization. According to this, as the line with of a gate electrode 
decreases, the threshold voltage is greatly decreased due to a short channel effect, and thus a 
serious hot carrier effect occurs. 

Sincc^such short channel and hot carrier-effects have relation with a depth of a doped 

junction region, there is a heed to develop a MOS transistor with a shallow depth of a 
junction region. Therefore, a MOS transistor having a LDD structure with a low 
concentration of impurities implanted near an edge of a gate electrode may be used. 

A process to manufacture the MOS transistor having a LDD structure is a low 
concentration impurity ion Implant process after patterning the gate electrode. In this case, an 
oxide film is additionally formed to compensate etch damage to sidewalls of the gate electrode 
and use as a substrate protection film. Although it is a necessary process to form the oxide 
film to prevent a channeling phenomenon during the ion implantation, there is a problem that 
oxygen components return to a surface of a substrate due to confliction between implanted 
ions and the oxygen components. Thus, a defect layer is formed in the surface of the substrate. 
Defect positions are grown to dislocation loops during a subsequent heating process, and are 
finally developed to dislocation lines. In the case where the dislocation lines present in a 
charge depletion region, they function as a source of leakage current, and deteriorate a 
junction leakage property. 
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Summary of the Invention 

An object of the present invention is to solve problems in the art, and to provide a 
method of manufacturing a MOS transistor by replacing an oxide film with a nitride film 
having a binding energy higher than that of the oxide film as a substrate protection film for 
an ion implant process of low concentration impurity regions with (I .DD), so as to prevent a 
channeling phenomenon during the ion implantation, minimize defects which occur in a 
surface of a substrate, and to Improve a junction leakage property. 

Tn order to achieve the above-mentioned object, the present invention provides a method 
of manufacturing a MOS transistor, forming a transistor having a low concentration impurity 
implanted region near a substrate between an edge of a gate electrode and a field oxide film, 
characterized in that the method comprises: forming a field oxide film defining an active 
region and an isolation region on a first conductive type substrate; forming a gate Insulating 
film on the active region of the substrate exposed by the field oxide film and forming a gate 
electrode on the gate insulating film; forming a nitride film on an entire surface of the 
substrate having the gate electrode formed; implanting second conductive type impurities 
corresponding to an electric property of the MOS transistor at low concentration in the 
resultant structure having the nitride film formed and forming a low concentration impurity 
J!"RlMteireglpji jn the substrate between the edge of the gate electrode and the field oxide - 
film; depositing nitride on the entire surface of the substrate having the gate electrode formed, 
dry-etching the nitride, and selectively removing the nitride on the surface of the substrate 
while forming spacers on the gate electrode; and implanting second conductive type 
impurities at high concentration and forming a high concentration impurity implanted region 
in the substrate between the edge of the gate electrode and the field oxide film. 

Brief Description of the Drawings 

Fig. 1 is a sectional view of forming gate electrodes by using a method of manufacturing a 
transistor according to the present invention. 

Fig. 2 is a sectional view of forming a nitride film on the resultant structure of the 
transistor of the present invention having gate electrodes formed. 

Fig. 3 is a sectional view of a low concentration impurity ion Implant process of the MOS 
transistor of the present invention. 

Fig. 4 is a sectional view of forming spacers and high concentration impurity ion 
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implanted regions of the MOS transistor of the present invention. 
Description of reference numbers 
10 p type silicon substrate 
1 2 STI type element isolation film 
14 gate insulating film 
16 gate electrode 
18 nitride film 
20 mask 

22 low concentration impurity implanted region 
24 spacer 

26 high concentration impurity implanted region 

Detailed Description of the Preferred Embodiments 

Next, one preferred embodiment of the present invention will be described in detail in 
conjunction with drawings. Moreover, the embodiment is only used as an example, but not to 
limit the scope of the present invention. 

Fig* 1 is a sectional view of forming gate electrodes by using a method of manufacturing a 
transistor according to the present invention. 

Referring to Fig. l r as to a process to forming gate electrodes of the present invention, a- 

shallow trench isolation (STI) process is performed on a silicon substrate 10 as a 
semiconductor substrate having first conductive type Impurities (p type impurities) to form 
STT type field oxide films 12, 

Next, a gate insulating film 14 is formed on the entire surface of the substrate 10. A 
doped polysilicon film 16 is then formed on the gate insulating film 14. Then, the polysilicon 
film 16 Is patterned by using photolithography and etch processes with a gate mask to form 
gate electrodes. 

Fig. 2 is a sectional view of forming a nitride film on the resultant structure of the 
transistor of the present invention having gate electrodes formed. 

Referring to Fig. 2, a nitride film 18 is formed at a thickness of 30 - 40 angstrom on the 
entire surface of the substrate having gate electrodes formed thereon in order to protect the 
surface of the substrate and adjust doping concentration when a low concentration impurity 
ion implant process is performed according to the present invention. Herein, NO or N 2 0 
source gas is used and pressure of the reactor is reduced to less than 20 Torr in the process to 
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form the nitride film 18 in order to increase the concentration of nitrogen in the heat 
treatment apparatus. At this point, a heating process is performed for 20-40 minutes at 
temperature of 800 - 850 T? in a furnace, or for 30 - ISO seconds at temperature of 800 - 850 
TC in a rapid heat treatment apparatus, while the concentration of nitrogen is maintained to 
1E19-1E20 ions/cm 2 . 

On the other hand, if the temperature for the nitridization process is too high, impurities 
for performing channel adjustment may be influenced. 

Fig. 3 is a sectional view of a low concentration impurity ion implant process of the MOS 
transistor of the present invention. 

Next, Arsenic (As) used as second conductive type impurities is ion implanted at 
concentration of 1E13-5E13 ions/cm 2 and voltage of 10 ~ 20 kev, after masks 20 are formed to 
expose ion implanted regions on the resultant structure having the nitride film 18 formed. 
Low concentration impurity implanted regions 22 are formed as LDD near the substrate 10 
exposed between edges of gate electrodes 16 and field oxide films 12, 

the above nitride film 18 is used to protect the surface of the substrate and adjust ion 
concentration in the low concentration impurity ion implant process of the present invention* 
Moreover, leakage current can be reduced by near circuit transistors of a merged memory 
logic through replacing P with As to perform ion implantation process. The merged memory 
logic is one chip composed of a memory and near circuits thereof. This is because channeling 
to the substrate merely occurs for As since its atomic weight is higher than that of other ions. 
Moreover, extent of diffusion is very low and defect compensation of the substrate is very 
easy. 

Fig. 4 is a sectional view of forming spacers and high concentration impurity ion 
implanted regions of the MOS transistor of the present invention. 

Referring to Fig. 4, nitride is deposited on the entire surface of the substrate. The nitride 
is etched by using reactive ion etch. The nitride on the surface of the substrate is selectively 
removed while spacers 24 of gate electrodes 16 are formed. 

Next, As used as second conductive type impurities is ion Implanted at concentration of 
1E15~5EI5 ions/cm 2 and voltage of 50 - 60 kev with gate electrodes 16 and spacers 24 used as 
masks. High concentration impurity implanted regions 26 are formed as sources/drains 
within the substrate 10 between edges of gate electrodes and field oxide films. Then, rapid 
heat treatment is performed to diffuse implanted impurities and complete the MOS transistor 
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of the present invention. 

As described above, the method of manufacturing a MOS transistor of the present 
invention comprises: patterning gate electrodes; forming a nitride film having a binding 
energy about 1.5 times higher than that of the oxide film as a substrate protection film and 
concentration adjustment; performing LDD ion implant process. Thus, the nitride film can 
prevent atoms from returning to the surface of the substrate during the low concentration 
impurity ion implant process. 

Therefore, the present invention can achieve stable junction interfaces and prevent 
leakage current at junction interfaces. 
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CLAIMS 

1. A method of manufacturing a MOS transistor, forming a transistor having a iow 
concentration impurity implanted region near a substrate between an edge of a gate electrode 
and a field oxide film, characterized in that the method comprises: 

forming a Held oxide film defining an active region and an isolation region on a first 
conductive type substrate; 

forming a gate insulating film on the active region of the substrate exposed by the field 
oxide film and forming a gate electrode on the gate insulating film; 

forming a nitride film on an entire surface of the substrate having the gate electrode 
formed; 

implanting second conductive type impurities corresponding to au electric property of 
the MOS transistor at low concentration in the resultant structure having the nitride film 
formed and forming a low concentration impurity implanted region In the substrate between 
the edge of the gate electrode and the field oxide film; 

depositing nitride on the entire surface of the substrate having the gate electrode formed, 
dry-etching the nitride, and selectively removing the nitride on the surface of the substrate 
while forming spacers on the gate electrode; and 

implanting second conductive type impurities at high concentration and forming a high 
concentration impurity implanted region in the substrate between the edge of the gate 
electrode and the field oxide film. 

2. The method of manufacturing a MOS transistor according to claim 1, wherein the step 
of forming a nitride film is performed by using NO or N2O source gas and reducing pressure 
of a reactor to less than 20 Torr. 

3. The method of manufacturing a MOS transistor according to claim 2, wherein a step 
of heating is performed for 20 - 40 minutes at temperature of 800 - 850X2 in a furnace, or for 
30 - 150 seconds at temperature of 800 ~ 850X2 in a rapid heat treatment apparatus. 
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4. The method of manufacturing a MOS transistor according to claim 1, wherein the 
nitride film has a thickness of 30 ~ 40 angstrom. 



FROM rZKongzi Law Office FAX NO. : 66091199 Mar. 17 2006 16:43 P9 

English Reference ofPN040S2S 

ABSTRACTS 

An object of the present invention is to provide a method of manufacturing a MOS 
transistor with an insulating film used to protect a surface of a substrate and adjust 
concentration of impurities during a low concentration impurity ion implant process. The 
method comprises: forming a gate insulating film on a semiconductor substrate; forming a 
gate electrode on the gate insulating film; forming a nitride film on an entire surface of the 
substrate having the gate electrode formed to protect the surface of the substrate in the 
subsequent low concentration impurity ion implant process; and implanting impurities 
having conductive type corresponding to an electric property of the MOS transistor at low 
concentration in the resultant structure having the nitride film formed and forming a low 
concentration impurity implanted region (LDD) in the substrate between the edge of the gate 
electrode and the field oxide film. Thus, a nitride film having a binding energy higher than 
that of an oxide film is used to replace the oxide film as an insulating film formed before a 
LDD ion implant process so as to minimize defects which occur in a surface of a substrate in 
— - the ion implant process, and to improve a junction leakage property. — 
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